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0 Alkaline storage battery and method of producing negative electrode thereof. 



^0 Alkaline storage battery, in which the negative electrode is constituted by a hydrogen absorbing alloy 
^capable of absorbing/desorbing hydrogen electrochemically, and a hydrophobic nnaterial and a hydrophilic 
^material are provided in a portion of the surface layer of the negative electrode and in the side of the negative 
Q electrode respectively so as to properly secure both the wetting property and hydrophobic property of the 
O negative electrode against the alkaline electrolytic solution. Accordingly, a hydrogen can be absorbed elec- 
^trochennically in the portion of the negative electrode which is wetted by the electrolytic solution and a hydrogen 
generated in charging the battery can be absorbed by a vapor phase reaction in the hydrophobic portion of 
CO the negative electrode which is exposed to the vapor phase so that the internal gas pressure can be reduced to 
Q thereby make it possible to perform rapid charging. 
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follows. The method of adding a noble metai to the negative electrode has a problem in that the material 
cost is increased. On the other hand, the method of providing a hydrophobic layer in the negative electrode 
has a problem in that the discharging voltage is dropped because of the uneven electrolyte distribution of 
the negative electrode and the decrease of the effective surface area for the electrochemical reaction: 
5 Further, the aforementioned method is effective for improvement in the oxygen absorption capacity of the 
negative electrode but has another problem in that the inner pressure of the battery is increased because 
hydrogen is apt to be generated from the negative electrode in charging the battery with lowering of the 
wetting property for the electrolytic solution, of the inside of the hydrogen absorbing alloy negative 
electrode, in particular, this fact is remarkable when the battery is charged rapidly. 

w 

OBJECTS AND SUMMARY OF THE INVENTION 

An object of the present invention is therefore to solve the aforementioned problems. 

75 That is to say the object of the invention is to provide a hydrogen absorbing alloy negative electrode of 
a battery, in which wetting property of the inside of the negative electrode against an electrolytic solution 
can be improved while hydrophobic property of the surface of the negative electrode can be kept suitably, 
by which not only the interna] gas pressure of the battery can be reduced in charging the battery rapidly 
but also voltage drop can be prevented in discharging the battery. 

20 . To solve the aforementioned problems, the present invention provides a construction of an alkaline 
storage battery in which a hydrophilic resin is provided to the Inside of a negative electrode formed of a 
hydrogen absorbing alloy, and a hydrophobic resin is provided to the surface portion of the negative 
electrode, and also a method of producing the negative electrode of the above construction. 

In the construction and the producing method, according to the present invention, a hydrogen gas is 

25 absorbed into the hydrogen absorbing alloy by providing the hydrophobic resin to the surface of the 
hydrogen absorbing alloy negative electrode. Further, the wetting property of the inside of the hydrogen 
absorbing alloy negative electrode against an electrolytic solution is improved by use of the hydrophilic 
resin to make it easily to absorbe hydrogen electrically, so that generation of a hydrogen gas can be 
prevented to thereby reduce the internal gas pressure of the battery in charging the battery rapidly. Further, 

30 the voltage drop in discharging the battery can be prevented by addition of the hydrophilic resin. 



DESCRIPTION OF THE DRAWINGS 

35 Fig. 1 is a sectional view of a nickel-hydrogen storage battery produced according to the present 

invention; 

Rg. 2 is a graph view showing the relation between charge electric capacity and internal gas 
pressure in the case where a charging current of 1 CmA at 20 'C is respectively supplied to various 
hydrogen absorbing alloy negative electrodes different in construction; 
40 Rg. 3 is a graph view showing the relation between the discharge electric capacity and the battery 

voltage in the case where a discharging cunrent of 3 CmA at 20 "C is respectively supplied to various 
hydrogen absorbing alloy negative electrodes different in construction; 

Rg. 4 is a graph view showing the relations among the quantity of FEP to be added, the internal gas 
pressure in the case where the battery is charged by 200% with respect to the positive electrode capacity 
45 with a charging cunrent of 1 CmA at 20* C, and the intermediate voltage in the case where the battery is 
discharged to 0.18 V with a discharging current of 3 CmA at 20* C; and 

Rg. 5 is a graph view showing the relations among the quantity of PVA to be added, the internal gas 
pressure in the case where the battery is charged by 200% with respect to the positive electrode capacity 
with a charging current of 1 CmA at 20* C. and the intermediate voltage in the case where the battery is 
50 discharged to 0.8 V with a discharging current of 3 CmA at 20 * C. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be described hereunder with respect to various examples. In the examples, 
55 the hydrogen absorbing alloy used for the negative electrode was MmNi3.5sCoo.7sMno.4Aloj. Misch metal 
Mm (La: about 25 wt%, Ce: about 52 wt%, Nd: about 18 wt%, Pr about 5 wt%) which was a mixture of 
rare-earth elements was put into an arc furnace together with other metal samples of Ni, Co, Mn and Al. 
The furnace was evacuated to obtain a vacuum state of from 10~* to 10"^ Torr. Then the metal samples 
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A hydrogen absorbing alloy negative electrode coated with polyethylene as a hydrophobic resin was 
prepared. 



5 (Example 8) 

A hydrogen absorbing alloy negative electrode coated with ethylene tetrafluoride (hereinafter referred to 
as "M-12") having a permeability coefficient of 1 x *10~^ cm/sec 'atm for an oxygen/hydrogen gas was 
prepared. 

70 

(Example 9) 

A hydrogen absorbing alloy negative electrode coated with a hydrophobic resin by dipping the alloy 
75 powder into a solution of an FEP dispersion (hereinafter referred to as "ND-l") containing a surface active 
agent was prepared. 

(Example 10) 

20 

A hydrogen absorbing alloy negative electrode coated with polyvinylidene fluoride (hereinafter referred 
to as "VDF") powder as a hydrophobic resin was prepared. 



25 (Example 11) 

A hydrogen absorbing alloy negative electrode coated with FEP by an amount of 0.1 mg/cm^ was 
prepared. 

30 

(Example 12) 

A hydrogen absorbing alloy negative electrode coated with FEP by an arhount of 2 mg/cm^ was 
prepared. 

35 

(Example 13) 

A hydrogen absorbing alloy negative electrode coated with a 2 : 1 (weight proportion) mixture of 
40 platinum black capable of catalyzing the decomposition of hydrogen and FEP. by an amount of 2.4 mg/cm^, 
was prepared. 



(Example 14) 

45 

A hydrogen absorbing alloy negative electrode coated with platinum black by an amount of 1 .6 mg/cm^ 
and then coated with FEP by an amount of 0.8 mg/cm^. was prepared. 



50 (Example 15) 

A hydrogen absorbing alloy negative electrode coated with a 4 : 1 (weight proportion) mixture of 
LaNi^AI and FEP by an amount of 4.0 mg/cm^, was prepared. 

55 

(Example 16) 

A hydrogen absorbing alloy negative electrode coated with a 1 : 1 (weight proportion) mixture of 
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started when the battery had been charged to about 800 mAh. Through analyzing the gas composition 
generated in the battery upon completion of charging to 2000 mAh. the oxygen partial pressure was 
measured to be about 1 kg/cm^ substantially equally in the all cases of the Examples 1 to 3. Accordingly, it 
was understood that the differences in the internal gas pressure of the battery among the three kinds of 
5 batteries were caused by differences in hydrogen partial pressure. 
The reason is as follows. 

In the nickel-hydrogen storage battery designed to have a high-capacity, for example, of 100 mAh in AA 
size, as shown in the present experiment the balance of the negative electrode capacity (1600 mAh) 
against the positive electrode capacity (100 mAh) is not so sufficient that a reaction represented by the 
w following equations (5) to (8) progresses on the hydrogen absorbing alloy negative electrode in charging the 
battery. 



T5 



M + H2O + e" 


— MH + OH- 


(5) 


H2O + e- 


1/2 Hz + OH- 


(6) 


M + 1/2 H2 


MH 


(7) 


MH + 1/4 02 


^ M + 1/2 H2O 


(8) 



20 In the equations, M represents a hydrogen absorbing alloy. In short, the hydrogen absorbing reaction 
represented by the equation (5) and the hydrogen generation reaction represented by the equation (6) 
occur competitively in a portion of the negative electrode wetted by the electrolytic solution. Further, the 
reaction of consumption of an oxygen gas generated from the positive electrode, represented by the 
equation (8). occurs in the wetted portion at the same time. On the contrary, the hydrogen gas absorbing 

25 reaction (7). which hydrogen gas was generated according to the equation (6), progresses in another portion 
of the negative electrode which is not wetted by the electrolytic solution. The hydrophobic resin FEP acts to 
control the area of the hydrophobic portion on the hydrogen absorbing alloy negative electrode. It is 
apparent from the results of the Examples 2 and 3 that addition of the hydrophobic resin to the surface of 
the negative electrode is more effective than addition thereof to the inside of the negative electrode, and 

30 that the erection of the equation (7^ occurs mainly on the surface of the negative electrode. Comparing 
those examples, the Examples 2 and 3 are inferior in wetting property of the hydrogen absorbing alloy 
negative electrode for the electrolytic solution because of the addition of the hydrophobic resin. Accord- 
ingly, in the Examples 2 and 3, the effective surface area in the electrochemical reaction decreases, so that 
the charging current density increases to accelerate the hydrogen gas generation reaction of the equation 

3S (6) to make the rising of the internal gas pressure of the battery early and to increase the internal gas 
pressure rapidly. To solve this problem, PVA, which is a hydrophilic resin, was added to the inside of the 
electrode in the Example 1. As the result, the wetting property of the inside of the hydrogen absorbing alloy 
negative electrode particularly for the electrolytic solution was improved. As compared with the Examples 2 
and 3, the Example 1 had an advantage In the point as follows. The charging current density was reduced 

40 by the increase of the effective surface area in the electrochemical reaction, so that the hydrogen gas 
generation reaction of the equation (6) was suppressed to delay the rising of the internal gas pressure of the 
battery to thereby reduce the internal gas pressure of the battery. For the aforementioned reason, in the 
Example 1 the increase of the intemal gas pressure of the battery can be suppressed even in the case 
were the battery is charged rapidly with a charging current of 1 CmA 

-^5 Fig. 3 shows discharging curves in the cases where the three kinds of batteries of the respective 
Examples 1 to 3 were discharged with a discharging cunrent of 3 CmA under the condition of 20 ' C. In Rg. 
3, the battery voltage at an intermediate point of the discharge capacity when the battery has been 
discharged to 0.8 V is defined as an intermediate voltage for indicating the difference among the 
discharging voltages of the batteries. 

so Comparing the examples, the respective discharge capacities of the batteries are not different but the 
intermediate voltages are different remarkably. In the Example 1. tiie intermediate voltage was 1.150 V. In 
each of the Examples 2 and 3. the intermediate voltage was 1,100 V. in short, the difference between the 
intermediate voltag s of th Example 1 and each of the Examples 2 and 3 was 50 mV. 

The reason is as follows. In th Example 1 , the wetting property of the inside of the negative electrode 

55 for the electrolytic solution was improved because hydrophilic resin PVA was added to the inside of the 
hydrogen absorbing alloy negative electrode. Accordingly, in the Example 1, the effective surface area in 
the electrochemical reaction incr ased to reduce the discharging current density as compared with the 
Examples 2 and 3. so that the discharge intermediate voltage increased. 

7 
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negative electrode was examined as follows. In each of the Example 7 in which polyethylene was disposed 
on the surface of the negative electrode, the Example 8 in which M-12 having a permeability coefficient of 1 
X 10-2 cm/sec atm for a hydrogen gas was disposed, the Example 9 in which ND-1 as a FEP dispersion 
containing a surface active agent in. a solution was disposed, and the Example 10 in which VDF was 
disposed, the internal gas pressure of the battery In charging the battery was increased compared with the 

Example 1. ^ „ n 

This is because the hydrophobic degree of the resin in each of the Examples 7 and 10 was smaller 
than that of FEP. so that a solid-gas interface for absorption of a hydrogen gas could not be formed 
sufficiently on the hydrogen absorbing alloy negative electrode. 

In the Example 8. the solid-gas interface could be formed sufficiently on the hydrogen absorbing alloy 
negative electrode. However, the Example 8 was inferior in permeability of the negative electrode for a 
hydrogen gas generated by the electrochemical erection, so that in the Example 8 the internal gas pressure 
of the battery was increased. In the case where the hydrogen absorbing alloy negative electrode was 
coated with a hydrophobic resin having a small permeability coefficient for oxygen gas. the pressure of the 
battery in charging the battery was increased due to a inferiority of permeability of the negative electrode 
for an oxygen gas. In this case, from analyzing the gas composition. It was found that the proportion of 
oxygen increased compared with the Example 1. This is because the capacity of reducing an oxygen gas 
was reduced since the negative electrode was inferior in premeability for an oxygen gas. 

In the Example 9. the solid-gas interface could not be formed sufficiently on the hydrogen absorbing 
alloy negative electrode in the same manner as in the Examples 7 and 10. because the surface active agent 
existing in the solvent of ND-1 was absorbed on FEP so that the negative electrode had a insufficient 
capacity of absorbing a hydrogen gas. 

From the point of view of the structure of the battery safety vent or from the point of view of the 
strength of the battery case, it is preferable that the internal gas pressure of the battery in charging the 
battery is not higher thanS kg/cm*. Accordingly, the conditions of preferred hydrophobic matenal to be 
disposed on the surface layer of the hydrogen absorbing alloy negative electrode is as follows. 

(1 ) The material is selected from fluorine resins; 

(2) The permeability coefflcient for an oxygen gas or an hydrogen gas is not smaller than 1x10 

cm/sec • atm at 25 * C; 

(3) When dispersion is used, no surface active agent is contained in the solvent; and 

(4) The material is selected from the group consisting of poly(ethylene tetrafluoride) resin and 
ethylene tetrafluoridepropylene hexafiuoride copolymer resin. 

In the Examples 11 and 12, the quantity of the hydrophobic resin to be added to the surface layer of 
the hydrogen absorbing alloy negative electrode was examined as follows. In the Example 11. when the 
quantity of FEP to be added was 0.1 mg/cm2. the internal gas pressure of the battery in charging the 
battery was increased to 8.3 kg/cm^. In the Example 12. when the quantity of FEP to be added was 2 
mg/cm* the intermediate voltage in discharging the battery was reduced to 1.105 V because FEP acts as 
an insulating material to thereby increase the polarization of the hydrogen absorbing alloy negatve 
electrode in discharging the battery. Rg. 4 shows the relations among the quantity of FEP to be added, the 
internal gasp pressure of the battery in charging the battery and the intermediate voltage in discharging the 
battery It is apparent from Rg. 4 that an optimum value exists in the quantity of FEP to be added. 
Accordingly, from the double viewpoint of the internal gas pressure of the battery in charging the battery 
and the intermediate voltage in discharging the battery, it is preferable that the hydrophobic resin is added 
to the surface layer of the hydrogen absorbing alloy negative electrode by an amount in the range of from 
0.15 mg/cm^to 1.5 mg/cm*. 

In the Examples 13 and 14. the effect by addition of a material capable of catalyzing the decomposition 
of a hydrogen gas. to the surface of the hydrogen absorbing alloy negative electrode and the method of 
addition thereof were examined. In the Example 13. the battery used a hydrogen absorbing alloy negative 
electrode coated with a mixture of platinum black capable of catalyzing the decomposition of a hydrogen 
gas and FEP acting as a hydrophobic material. In the Example 14. the battery used a hydrogen absorbing 
alloy negative electrode coated with platinum black and then coated with FEP. Referring to Table 1. in any 
case the internal gas pr ssure of the battery in charging th battery was decreased and the intermediate 
voltage in discharging the battery was increased, compared with the battery of the Example 1 using the 
hydrogen alloy negativ electrode coated with FEP. This is because, by the addition of platinum black, the 
hydrogen gas absorbing reaction on the hydrogen absorbing alloy electrode as represented by the equation 
(7) was accelerated in charging the battery and the hydrogen deso'rbing reaction on the hydrogen absorbing 
alloy was acc I rated in discharging the battery. Although the examples have shown the case where 
platinum black was us d as a material capable of catalyzing the decomposition of a hydrogen gas. it is a 
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absorbing alloy is increased, the charging/discharging characteristics are improved. However, the increase 
of the porosity is not preferable from the point of view of high energy density of the hydrogen absorbing 
alloy negative electrode and battery. Accordingly, the preferred porosity of the hydrogen absorbing alloy 
negative electrode is in the range of from 20 to 40 vol%. 

The method of -addition of the hydrophobic material to the surface of the hydrogen absorbing alloy 
negative electrode was examined as follows. The Example 1 relates to a battery using a negative electrode 
formed by the steps of: mixing hydrogen absorbing alloy powder and an aqueous solution of PVA to 
prepare paste; filling a foamed nicl<e! matrix as a three-dimensional supporting matrix with the paste: 
pressing the supporting matrix containing the paste: and applying FEP to the surface of the negative 
electrode. The Example 19 relates to a battery using a negative electrode formed by pressing the 
supporting matrix after applying FEP to the surface of the supporting matrix containing the paste. It was 
apparent from Table 1 that the internal gas pressure of the battery in charging the battery in the Example 
19 was increased to 1i-2 kg/cm^ compared with the Example 1. This is because FEP in the Example 19 
was distributed into the inside of the hydrogen absorbing alloy negative electrode by pressing the 
supporting matrix, so that the hydrophilic property of the inside of the hydrogen absorbing alloy negative 
electrode was deteriorated and the electrochemical hydrogen absorbing re action of the equation (5) was 
suppressed to thereby accelerate generation of a hydrogen gas in charging the battery. For the reason, the 
preferred method of producing a hydrogen absorbing aJIoy negative electrode is the method of the Example 
1 comprising the steps of: mixing hydrogen absorbing alloy powder and an aqueous solution of PVA to 
prepare paste: applying the paste to a supporting matrix through selected one of filling, injecting and 
smearing; pressing the supporting matrix and applying FEP to the surface thereof by selected one of 
smearing, dipping and injecting. This hydrogen absorbing alloy negative electrode production method can 
be applied to the case where the surface of the hydrogen absorbing alloy negative electrode contains a 
material capable of catalyzing the decomposition of a hydrogen gas. an electric conductive material and 
hydrogen absorbing alloy powder having a hydrogen equilibrium pressure lower than that of 
MmNi355Mn0.4AI0.3Co0.75. In this case, it is preferable that the aforementioned materials and mixtures of the 
materials and FEP are applied to the surface of the hydrogen absori^ing alloy negative electrode through 
selected one of smearing, dipping and iniecting after pressing the supporting matrix containing the paste 
consisting of hydrogen absorbing alloy powder and an aqueous solution of PVA. 

The Example 20 relates to a battery using a negative electrode prepared by the steps of: filling a 
supporting matrix with paste consisting of hydrogen absorbing aJIoy powder and an aqueous solution of 
PVA; pressing the supporting matrix to prepare a hydrogen absorbing alloy negative electrode, and adding 
FEP to the surface of the negative electrode through dipping the negative electrode into a PVA aqueous 
solution containing FEP. The charging/discharging character istics of the battery of the Example 20 were as 
follows. The internal gas pressure of the battery in charging the battery was 3.5 kg/cm^ and the intermediate 
voltage in discharging the battery was 1.175 V. It is apparent from comparison with the Example 1 that the 
discharging characteristic of the battery of the Example 20 has been improved. Further, the internal gas 
pressure of the battery using the negative electrode of the Example 20 was not deteriorated even in the 
case where charge/discharge was repeated over 500 cycles. This is because FEP is fixed firmly to the 
surface of the negative electrode by polyvinyl alcohol. As described above, another prefeaed method of 
producing a hydrogen absorbing alloy negative electrode according to the invention may comprises the 
steps of: mixing hydrogen absorbing alloy powder and an aqueous solution of PVA to prepare paste; 
applying the paste to a supporting matrix through selected one of filling, dipping and injecting; pressing the 
supporting matrix: and applying a mixture of a hydrophilic material and a hydrophobic materia! to the 
surface of the negative electrode through selected one of smearing, dipping and injecting. 

It Is to be understood that polyvinyl alcohol may be replaced by one of other alkali-resisting resins such 
as carfaoxymethylceilutose and methylcellulose and the same effect can be obtained by the other alkali- 
resisting resins. 

A further battery was prepared as follows. A mixture of FEP and polyethylene at a weight ratio of 2 : 1 
was applied to the surface of the hydrogen absori3ing alloy negative electrode by an amount of FEP of 0.8 
mg/cm2. Then the negative electrode was heated at 120* C for 30 minutes. The battery was prepared by 
using the thus prepared negative electrode. The internal gas pressure of the battery in charging the battery 
was 3.5 kg/cm2 and the intermediat voltage thereof in discharging the battery was 1.150 V. Those obtained 
values were substantially the same as those In the Example 1 . However, the internal gas pressure of the 
battery was not deteriorated in the same manner as in the Example 20 even in the case where 
charge/discharge was repeated over 500 cycles. This is because FEP was fixed firmly to the surface of ttie 
negative electrode by polyethylene. Polyethylene used herein may be replaced by one of thermoplastic 
resins, such as polypropylene, polyvinyl chloride. ABS resin and polystyrene, having a melting point lower 
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hydrogen absorbing alloy negative electrode is represented by the general composition fornnula Ai.xBxCy. in 
which A is selected from the group consisting of La, mixtures of La and rare-earth elements, and misch 
metal: B is selected from the group consisting of Ti, Zr, Ca. Y. Hf and mixtures thereof: x has a value within 
the range 0 ^ x ^ 0.2; C is selected from the group consisting of Ni. Co, Mn. Al. Fe. Cu, Cr and mixtures 
thereof; and y has a value within the range 4,7 S y S 5.3, made up as follows, y > 3.5 for Ni, y ^ 1 .0 for Co. 
y S 0-6 for Mn. y < 0.5 for Al, y S 0.3 for Fe. y ^ 1.0 for Cu. and y 5 0.3 for Cr. 

Further. V was added to the aforementioned hydrogen absorbing alloy to prepare a hydrogen absorbing 
alloy represented by the formula MmNia5sCoo.75Mno.dAlo.3 Vo.o2- When the negative electrode of the battery 
was formed of the ailoy. the internal gas pressure of the battery in charging the battery was 2.8 kg/cm^ and 
the intermediate voltage in discharging the battery was 1.158 V.Thus. the battery was improved compared 
with the Example 1, This is because the lattice constant of the hydrogen absorbing alloy was increased by 
addition of V thereby hydrogen can diffuse rapidly in the hydrogen absorbing alloy phase. The effect by 
addition of V was found when V was added by an amount of larger than 0.02 atomic ratio. However, when V 
was added by an amount of not smaller than 0.3, the alloy phase effective for absorbing hydrogen was 
reduced so that the discharge capacity was undesirably reduced. Accordingly, it is preferable to add \? by 
an amount in the range of from 0.02 to 0.3 atomic ratio. 

Further. In was added to the aforementioned hydrogen absorbing alloy to prepare a hydrogen absorbing 
alloy represented by the formula MmNia^sCoo.ysMno.dAlo.a ino.oz- When a battery was prepared by using the 
alloy in the negative electrode thereof, the internal gas pressure of the battery in charging the battery was 
2.5 kg/cm2. In short, the charging characteristic of the battery was improved compared with the Example 1. 
This is because the hydrogen over voltage of the hydrogen absorbing alloy negative electrode in charging 
the battery was increased to suppress generation of hydrogen. The effect by addition of !n was found when 
In was added by an amount of larger than 0.02 atomic ratio. However, when In was added by an amount of 
not smaller tan 0,1 , the discharge capacity was undesirably reduced. Accordingly, it is preferable to add In 
by an amount in ttie range of from 0.02 to 0.1 atomic ratio. The same effect was obtained in the case where 
In was replaced by Ti or Ga. 

Having described the case where the invention is applied to a nickel-hydrogen storage battery, it is a 
matter of course that the invention is applicable to other alkaline storage batteries, such as a manganese 
dioxide-hydrogen storage battery, using a hydrogen absorbing alloy negative electi-ode. 

As described above, according to the present invention, a hydrogen absorbing alloy negative electrode 
containing a hydrophilic resin in the inside thereof and a hydrophobic resin or hydrophobic material in the 
surface thereof, which hydrophobic material has powder of a hydrogen absorbing alloy having a hydrogen 
equilibrium pressure lower than that of the main hydrogen occlusion alloy, an electric conductive material 
and a material capable of catalyzing the decomposition of hydrogen gas, is provided by the steps of: mixing 
hydrogen absorbing alloy powder and a hydrophilic material to prepare paste; applying tiie paste to a 
supporting mafrix through selected one of filling, injecting and smearing; pressing the supporting matrix; 
and applying a material containing a hydrophobic resin to the surface of the negative electrode by selected 
one of smearing, dipping and injecting. Accordingly, an effect arises in that a sealed alkaline storage battery 
free from tiie increase of the internal gas pressure in overcharging of the battery and free from the 
decrease of the battery voltage in discharging tine battery can be provided. 



Claims 

1. An alkaline storage battery comprising: a positive electrode containing a metal oxide as a main 
constituent material thereof; a negative electrode containing, as a main constituent material tiiereof. a 
hydrogen absorbing alloy capable of electrochemically absorbing/desorbing hydrogen acting as an active 
material; an alkaline electrolytic solution: a separator; and said negative electrode including a hydrophobic 
material disposed in at least a part of an electrode surface layer tiiereof and including a hydrophilic material 
disposed in tiie inside tiiereof. 

2. An alkaline storage battery according to Claim 1 , in which said hydrogen absorbing alloy of said 
negative electrode is represented by the general composition formula Ai.xBxCy. in which A is selected from 
the group consisting of La, mixtures of La and rare-earth elements, and misch metal; B is selected from the 
group consisting of Ti, Zr, Ca, Y, Hf and mixtures thereof; x has a value within the range 0^x5 0.2; C is 
selected from th group consisting of Ni, Co. Mn. AI. Fe, Cu, Cr and mixtures tii reof; and y has a value 
within the range 4.7 S y S 5.3, made up as follows, y > 3.5 for Ni, y ^ 1;0 for Co, y ^ 0.6 for Mn. Y ^ 0..5 for 
Al, y 2 0.3 for Fe. y ^ 1 .0 for Cu; and y ^ 0.3 for Cr. 

3. An alkaline storage battery according to Claim 1. in which said hydrogen absorbing alloy of said 
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mixing hydrogen absorbing alloy particles and an aqueous solution of hydrophilic resin to prepare paste; 
applying said paste to a supporting material through selected one of filling, injecting and smearing; pressing 
said supporting material containing said paste; and applying a hydrophobic material to the surface of the 
thus prepared electrode through selected one of smearing, dipping and injecting. 

5 21 . A method of producing an alkaline storage battery negative electrode according to Claim 20, further 
comprising the step of coating the surface of the hydrogen absorbing alloy negative electrode with a 
mixture of a hydrophobic material and a material capable of catalyzing the decomposition of hydrogen gas. 
through selected one of smearing, dipping and injecting. 

22. A method of producing an alkaline storage battery negative electrode according to Claim 20. further 

TO comprising the steps of coating the surface of the hydrogen absorbing altoy negative electrode with a 
material capable of catalyzing the decomposition of a hydrogen gas through selected one of smearing, 
dipping and injecting, and further coating the surface of the coating of the material capable of catalyzing the 
decomposition of a hydrogen gas with a hydrophobic material through selected one of smearing, dipping 
and injecting. 

75 23. A method of producing an alkaline storage battery negative electrode according to Claim 20, further 
comprising the step of applying a mixture of a hydrophobic material and an electric conductive material to 
the surface of the hydrogen absorbing alloy negative electrode through selected one of smearing, dipping 
and injecting. 

24. A method of producing an alkaline storage battery negative electrode according to Claim 20, further 
20 comprising the step of applying a mixture of a hydrophobic material and particles of another hydrogen 
absorbing alloy having a hydrogen equilibrium pressure lower than that of said hydrogen absorbing alloy, to 
the surface of the hydrogen absorbing alloy negative electrode surface, through selected one of smearing, 
dipping and Injecting. 

' 25. A method of producing an alkaline storage battery negative electrode according to Claim 20, further 
25 comprising the step of applying a mixture of a hydrophobic material and a binding agent to the surface of 
the hydrogen absorbing alloy negative electrode through selected one of smearing, dipping and injecting. 

26. A method of producing an alkaline storage battery negative electrode according to Claim 20, furth r 
comprising the steps of: applying a mixture of a hydrophobic material and a thermoplastic resin to the 
surface of the hydrogen absorbing alloy negative electrode through selected one of smearing, dipping and 
30 injecting; and heating the surface fcoated with said mixture at a temperature at which said thermoplastic 
resin is melted but said hydrophobic material is not melted. 
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